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Effect of Heat Treatment Temperature on Structure and Properties of
Atmospheric Plasma Sprayed 316L Stainless Steel Coatings
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ABSTRACT: The work aims to improve tribological performance of the 316L stainless steel coatings by investigating the evo-
lutions of structures and properties of the coatings at different heat-treatment temperatures. 316L stainless steel coatings were
fabricated by atmospheric plasma spray (APS) and then the as-sprayed coating was heat-treated at 300~700 C. Microstructure
and phase compositions of the coatings were analyzed by optical microscopy (OM) and X-ray diffractometer (XRD). Micro-
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hardness of the coatings was measured by Vickers hardness tester. Friction coefficients and wear volume were tested by the tri-

bometer and three-dimensional optical profilometer. The worn surface was inspected by field-emission scanning electron mi-

croscopy (FE-SEM) and the wear mechanisms were discussed deeply. The as-sprayed 316L stainless steel coating had a thick-

ness of approximately 350 um and a microhardness of 335HV ;. There existed unmelted particles, pores and oxides in the coat-
ing. The friction coefficient of the coating stabilized around 0.75 and the wear rate was (1.329+0.14)x10™° mm%/(N-m). With the
increase of heat treatment temperature, oxidation behavior between the splats was clear whereas the pores became narrowed and

the microstructure of the coatings was more compacted, resulting in an increase of the hardness of the coating by 30%. The wear
resistance of the coating reached the best at 700 ‘C and the wear rate was (1.149+0.26)x10™> mm?(N-m) which reduced by
14% compared with that of the as-sprayed coating. Wear mechanisms were dominated by fatigue and adhesion wear. Heat
treatment is beneficial to increase the microhardness of 316L stainless steel coatings and heat treatment at 700 ‘C can effec-

tively improve the wear resistance of the coatings.

KEY WORDS: atmospheric plasma spray; 316L stainless steel coating; heat treatment; microstructure; hardness; wear resis-
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Fig.1 Morphology of the 316L stainless steel powders:
a) low magnification, b) high magnification
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Tab.1 Plasma spraying parameters

Parameters Values

Current of the plasma arc/A 516
Voltage of the plasma arc/V 65
Ar flow rate/(L-min™) 55

H, flow rate/(L-min™) 7.5

Spraying distance/mm 140

Gun translation velocity/(mm-s™) 200
Repeat spraying times 4
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Tab.2 Test parametersduring friction test

Test parameters Values
Load/N 10
Reciprocating frequency/Hz 2
Stroke length/mm 8
Sliding time/h 4
Temperature/ C 205
2 HREGH
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Fig.2 OM images of cross-sectional surface of the 316L stainless steel coatings: a) as-sprayed coating and
the coatings treated at b) 300 C, c) 400 C, d) 500 ‘C, e) 600 C,f) 700 C
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Fig.4 XRD patterns of the 316L stainless steel coatings
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Fig.5 Microhardness of the 316L stainless steel coatings
heat-treated at various temperatures
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Fig.6 Friction coefficient curve of the 316L stainless steel
coatings heat-treated at various temperatures
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Fig.7 Wear rates of the 316L stainless steel coatings
heat-treated at various temperatures
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Fig.8 SEM of wear on the 316L stainless steel coatings: a) as-sprayed coatings and the coatings

heat-treated at b) 300 ‘C, ¢) 400 ‘C, d) 500 C, €) 600 C, f) 700 ‘C
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